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ABSTRACT
We report the formation of a complicated coronal mass ejection (CME) on 2015
August 23 by using the high temporal and high spatial resolution multi-wavelength
observations taken by the Solar Dynamic Observatory and the Solar and Heliospheric
Observatory. The CME exhibited both jet-like and bubble-like components simultane-
ously, and therefore we call it a twin CME. Detailed imaging and kinematic analysis
results indicate that the twin CME were evolved form the eruption of a mini-filament
driven blowout jet at the east edge of an equatorial coronal hole, in which the activation
of the mini-filament was tightly associated with the continuous flux cancellation and
quasi-periodic jet-like activities in the filament channel. Due to the magnetic reconnec-
tion between the filament and the ambient open field lines, the filament broke partially
at the northern part and resulted in an intriguing blowout jet in the south direction. It
is interesting that the ejecting jet was deflected by a group of remote open field lines,
which resulted in the significant direction change of the jet from southward to eastward.
Based on the close temporal and spatial relationships among the jet, filament eruption,
and the twin CME, we conclude that the jet-like CME should be the coronal extension
of the jet plasma, while the bubble-like one should be originated from the eruption of
the mini-filament confined by the closed magnetic fields at the jet-base.
Keywords: Sun: activity —Sun: coronal mass ejections (CMEs) — Sun: filaments —
Sun: coronal jets
1. INTRODUCTION
Solar eruptions are eruptive transient magnetic activities in the solar corona, in which magnetic
energy can be released to heat and eject the magnetized plasma. Such ejection of plasma from lower
to upper layers in the solar atmosphere can be divided into two classes (Filippov & Den 2018). The
first class of solar eruptions is the most spectacular large-scale magnetized plasma eruption, i.e.,
coronal mass ejections (CMEs). Typically, they often occur accompanying with solar flares, and
demonstrate as bubble-like or loop-like shape in the outer corona, and they are generally considered
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to be driven by magnetic structures such as magnetic flux ropes and filaments (e.g., Lin & Forbes
2000; Liu et al. 2010a; Shen et al. 2011a, 2012b, 2018d; Yang & Chen 2019). The projection speed
of CMEs ranges from ∼ 20 km s−1 to 2000 km s−1, and their average speed increase from 300 km
s−1 near solar minimum to 500 km s−1 near solar maximum (Yashiro et al. 2004). Generally, the
eruption direction of CMEs is often along the radial direction from the solar center propagating
into the interplanetary space. However, some CMEs also show direction deviation with respect to
the solar radial direction (MacQueen et al. 1986; Jiang et al. 2007, 2008). The direction deviation
of a CME might take place in both the latitude and longitude in the interplanetary (Byrne et al.
2010; Davies et al. 2013; Zhou & Feng 2013; Liu et al. 2010b; Isavnin et al. 2013). Gopalswamy et al.
(2004, 2009) presented that corona holes are responsible for the deflection of CMEs away from the
Sun-Earth line. Kilpua et al. (2009) suggest that during solar minimum period, the low detection rate
of interplanetary CMEs at ecliptic plane may be increased if CMEs are guided towards the equator
from their high-latitude source regions by the magnetic fields in the polar coronal holes. Yang et al.
(2018a) reported the nearly 90◦ direction change of a CME compare to the initial eruption direction,
due to the deflection of the open coronal hole magnetic fields. Shen et al. (2011b) and Gui et al.
(2011) considered the CME deflection is related to gradients in the magnetic energy density of the
background solar corona. Deflection effects of CMEs can also caused by nearby strong magnetic
structures (e.g., Jiang et al. 2007; Bi et al. 2011, 2013). For space weather forecasting, better we
understand the deflected trajectory of a CME through the low corona to the heliosphere, the better
we can predict the its near-Earth effects (Kay et al. 2013).
The second class of solar eruption is in form of short-term, thin, and collimated jets from lower
layers of the solar atmosphere. Solar jets are ubiquitous and can be observed in active regions,
quiet-Sun regions, and corona holes (Shibata et al. 1992, 1994; Chen et al. 2012, 2017; Yang et al.
2011; Li & Zhang 2013; Tian et al. 2014). According to different observing wavelengths, solar
jets can be divided into Hα surges, extreme ultraviolet (EUV) jets, and X-ray jets (Roy 1973;
Canfield et al. 1996; Chae et al. 1999; Liu et al. 2009; Zhang et al. 2000; Zhang & Ji 2014; Tian et al.
2018a; Yang & Zhang 2018b; Li et al. 2018; Hou et al. 2019). Yokoyama & Shibata (1995, 1996) per-
formed two-dimensional magnetohydrodynamics (MHD) simulations for solar X-ray jets by using two
magnetic initial configurations to generate anemone and two-sided loop jets. The ejection of the two
types of jets are all caused by the magnetic reconnection between emerging and nearby coronal
fields. Magnetic reconnection between emerging bipoles and their ambient open magnetic field lines
is considered as the cause of most collimated solar jets (e.g., Shibata et al. (1994); Liu & Kurokawa
(2004); Shen et al. (2011c)). When emerging fluxes reconnect with overlying horizontal magnetic
fields, two-sided loop jets are produced (Yokoyama & Shibata 1995; Kundu et al. 1998; Jiang et al.
2013). Besides flux emergence, many observations have indicated that flux cancellation is also im-
portant to trigger solar jets (e.g., Shen et al. (2012a, 2017); Yang et al. (2012a); Adams et al. (2014);
Panesar et al. (2016); Joshi et al. (2017)). Shibata et al. (1992) found that the typical size of X-ray
jets ranges from 5 × 103 km to 4 × 105 km, their velocity is in the range of 30 to 300 km s−1, and the
corresponding kinetic energy is of 1025 ∼ 1028 erg. Interestingly, solar jets sometimes can direct or
indirectly launch large-scale coronal waves (e.g., Shen et al. 2018a,b,c) and CMEs (e.g., Wang et al.
1998; Wang & Sheeley 2002; Liu et al. 2005; Liu 2008; Jiang et al. 2008; Shen et al. 2012a). For the
generation of two-sided loop jets, recent high resolution observations indicated that other mechanisms
can also trigger them (Tian et al. 2017; Huang et al. 2018; Zheng et al. 2018; Sterling et al. 2019).
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Especially, Tian et al. (2018b) found that two-sided loop jets in filament channel can result in the
loss-of-equilibrium and eruption of large-scale filaments.
Moore et al. (2010) proposed that there is a dichotomy of solar jets, they reclassified solar anemone
jets as standard jets and blowout jets. They found about two thirds of solar anemone jets are standard
jets, while the rest of one third are blowout jets. With high-resolution observations, more and
more studies confirmed the finding of blowout jets (Shen et al. 2012a; Hong et al. 2013, 2016, 2017;
Adams et al. 2014; Lee et al. 2015; Li et al. 2015, 2017a,b, 2018; Zhu et al. 2017; Li & Yang 2019;
Yang & Zhang 2018b; Zhang & Zhang 2017; Miao et al. 2018, 2019). Compare with standard jets,
the blowout jets characterized initially narrow spire that later broader; initial compact brightening
that spread to the whole jet-base; the most point is a cool component (T ∼ 105 K) visible in EUV
304 A˚ images (Moore et al. 2010; Sterling et al. 2015). Several studies have found the blowout jets
are often associated with the eruptive mini-filament (e.g., Shen et al. 2012a, 2017; Yang et al. 2012b;
Adams et al. 2014; Sterling et al. 2016, 2015). Sterling et al. (2015) reported 20 randomly selected
X-ray jets that all 20 jets originated from mini-filament eruptions, and they further suggested that
standard jets and blowout jets are basically the same phenomenon, whose morphology depends on
the specific situation of mini-filament eruption. Shen et al. (2011c); Hong et al. (2013) indicated that
some blowout jets display untwisting motion, which may result from the erupting mini-filaments or
strongly twisted structures in the jet base. These observations suggested that mini-filament eruptions
play an important role in the generation of solar jets. The untwisting motion and the origin of the cool
component in jet base thus have been well explained because of involving of mini-filament (Shen et al.
2011c, 2012a, 2017).
Previous observations have suggested that small-scale solar jets have significant similarities with
larger-scale solar eruptions. Investigating and revealing their similarities and differences is of great
significance to explain multi-scale solar eruption phenomena. In particular, Shen et al. (2012a) for
the first time reported that a pair of simultaneous CMEs are directly evolved from a single coronal
blowout jet, in which one is in jet-like shape, the other is in bubble-like shape. Indeed, it is well docu-
mented in the literature that EUV jets present a white-light counterpart observed with coronagraphs
(Nistico` et al. 2009, 2010; Paraschiv et al. 2010; Feng et al. 2012) in the form a narrow emission,
hence different from the standard CME picture. This study provided a new thought for understand-
ing the generation of large-scale CMEs from small-scale jet activities. Afterwards, many similar
events were reported (Alzate & Morgan 2016; Miao et al. 2018, 2019; Solanki et al. 2019), and they
are well explained by the model presented in Shen et al. (2012a). In addition, Archontis & Hood
(2013) performed a three-dimensional numerical simulation that reproduced the observations pre-
sented in Shen et al. (2012a), but they did not investigate the CMEs in the outer corona. Observing
and studying such kind of events is helpful for understanding the coupling phenomenon of multi-scale
eruptive solar activities. However, similar studies are still very scarce.
In this paper, we report a mini-filament driven blowout jet in the low corona, which unambiguously
resulted in a twin CME in the outer corona. Compared with previous studies, the advantage of
this event is that eruption source region located at E40◦N6◦, suffering from less projection effect.
Thus more accurate observational information during the initiation stage of the CME can be better
obtained. More interestingly, we notice that the jet underwent an obvious deflection process due to
its interaction with a group of remote open coronal loops, which resulted in the ejecting direction
of the jet (or CME) significantly. These observations provide new clues for our understanding of
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coronal jets and CMEs. The paper is structured as follows: Section 2 describes instruments and
data; Section 3 describes observations and results; summary and discussion are presented in Section
4.
2. OBSERVATION AND DATA ANALYSIS
The blowout jet occurred on 2015 August 23 in a quiet-Sun region (E40◦N6◦) near the east edge of
an equatorial coronal hole. To study the generation of the jet and the associated CMEs in detail, we
use observations mainly from the Atmospheric Imaging Assembly (AIA; Lemen et al. 2012) on board
the Solar Dynamics Observatory (SDO; Pesnell et al. 2012). AIA takes images of the Sun with seven
extreme ultraviolet(EUV), two UV, and one visible wavelength channels. The spatial resolution of
the AIA images is of 0′′.6, and the cadences for the EUV, UV, and visible channels are 12 s, 24 s, and
an hour, respectively. The eruption can be observed at all AIA EUV channels, and we mainly use
the 171, 304, 94 and 211A˚ images. The Helioseismic Magnetic Imager (HMI; Scherrer et al. 2012)
line-of-sight (LOS) magnetograms are used to investigate the corresponding photospheric magnetic
field evolution, which have a cadence of 720 s and a pixel size of 0′′.6. The white-light observations
taken by the Large Angle and Spectrometric Coronagraph (LASCO; Brueckner et al. 1995)) are used
to study the CME evolutions. In addition, Hα images taken by the Global Oscillation Network Group
(GONG; Harvey et al. 2011, see Figure 1(a)–(c)) are also used, which have a pixel size of 1′′and a
cadence of 1 minutes. We also utilize the Potential Field Source Surface (PFSS) (Schrijver & De Rosa
2003) model to investigate the primary three-dimensional magnetic topology around the eruption
source region. In addition, the simultaneous observations of WIND/WAVES are utilized to detect
the associated interplanetary radio signals. To compensate for solar rotation, all the images taken at
different times are differentially rotated to a reference time of 04:15 UT.
3. RESULTS
3.1. Activation and Initiation of the Mini-filament
On 2015 August 23, a mini-filament (length ≈ 30 Mm) resided in a mixed-polarity quiet-Sun
region at the east edge of an equatorial coronal hole, and it can well be distinguished in the Hα
image (Figure 1(a–c)). In order to understand the activation and eruption of the mini-filament,
we investigate the evolution of the photospheric magnetic field within the eruption source region.
HMI LOS magnetograms show that continuous flux convergence and cancellation took place near
the polarity inversion line (PIL) of a pair of opposite polarities. The converging motion of the
opposite polarities were along the path as shown by the green line in Figure 1(b1). One can see
that the area of the black negative polarity became smaller and smaller from 02:58 UT to 07:58
UT (see Figure 1(b1)–(b3)). The temporal variations of the positive and negative polarities are also
showed as a time-distance plot in Figure 1(d), which better shows the convergence and cancellation
processes of the opposite polarities. Here, the time distance diagram is obtained by composing the
time sequence of the intensity profiles along A–B. In addition, it is also measured that the converging
speeds of the positive and negative polarities were about 0.3 and 0.2 km s−1, respectively. We also
calculate the flux variations in the box region as shown in Figure 1(b3), and the result is shown in
Figure 1(e). It is clear that the unsigned negative flux decreased from 5.0 to 1.0 × 1019 Mx, while the
positive flux decreased from 11.0 to 9.0 × 1019 Mx. This flux changing pattern clearly suggests the
flux cancellation between the positive and negative fluxes. In addition, the positive flux also showed
a small bump during 04:10 UT to 06:50 UT, which indicates the emergence of the positive polarity.
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Figure 1. Panel (a) and (b) : the magnetic field environment of the event, the white-blue dashed line
outlines the boundary of the equatorial coronal hole. The red boxes denote the FOV of panels (b1)–(b3)
and (c). Panel (c) : a GONG Hα image overlaid with the photospheric magnetic fields, in which positive
and negative fields are plotted in white and green contours, and the corresponding scale levels are ±50 G,
respectively. Panels (b1)–(b3) : time sequence HMI LOS magnetograms show the flux convergence and
cancellation, in which the white (black) patches are positive (negative) magnetic polarities. Panel (d): the
time-distance plot along the green line A–B in (b1). Panel (e): the positive (black) and negative (red) flux
variations in time in the blue dashed box in (b3) from 02:00 UT to 08:00 UT, and the black dashed line
indicates the start time of the mini-filament eruption.
The start time of increasing of the positive flux was coincident with the start time of the filament
eruption.
The activation and initiation of the mini-filament eruption are shown in Figure 2 using the AIA
304 A˚ images. The filament showed an inversed-S shape at about 03:30 UT (see panel (a)). A few
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minutes before the eruption, weak brightenings were observed at the middle section of the filament,
which lasted for a few minutes and became more and more pronounced (see panel (b)–(d)). During
this stage, intermittent jet-like features were observed below the filament. After the brightenings and
intermittent jet-like activities, the filament started to erupt at about 04:10 UT, then it rapidly erupted
to the southeast direction and accompanied with a lateral rolling motion. To further demonstrate
the dynamical evolution of the filament, a time-distance plot is made along the green curve C–D in
panel (d). One can see that before the filament got into its main eruption phase, intermittent jet-like
features took place below the filament body, and they showed a quasi-periodic ejection behavior.
The average time interval between neighboring jet-like features was about 335 seconds; they lasted
for about 25 minutes from 03:45 UT to 04:10 UT and with a speed in the range of about 24–56
km s−1. It is noted that before the violent eruption of the filament it underwent a slow rising phase
at a projection speed of 3–8 km s−1 (see panel (f)).
Based on the investigation of the variation of the magnetic flux and the eruption behavior of the
filament described above, it is clear that the filament activation and initiation were associated with
the flux cancellation and emergence in the photosphere. Before the violent eruption stage of the mini-
filament, the continuous flux cancellation caused the intermittent jet-like features and brightenings
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Figure 2. Panel (a)–(e): the activation and eruption of the filament observed in AIA 304 A˚ images. The
black and white dashed lines in panel (e) outlines the twisted filament, and the cyan dashed box indicates
the FOV of (a)–(d). The time-distance plot along the green curve arrow C–D in panel (d) is shown in panel
(f); The white arrows in (f) denote intermittent jet-like features, and the vertical white dashed line indicates
the start time of the mini-filament eruption.
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below the filament that also showed a slow rising phase of about 25 minutes. At about 04:10 UT,
the sudden emergence of the positive flux can accelerate its cancellation to the negative flux; this
may directly destroy the quasi-equilibrium state of the filament and therefore resulted in its violent
eruption. It should be pointed out that the violent eruption of the filament could also be caused by
kink instability after its activation, since strong rolling motion is observed in the erupting filament
(Shen et al. 2012b).
3.2. Formation of the Blowout Jet
The erupting mini-filament transformed into a blowout jet via its magnetic reconnection with the
ambient open magnetic fields. In Figure 3 and its animation, the AIA multi-wavelengths observations
clearly captured the magnetic reconnection process. To better illustrate the reconfiguration of the
magnetic fields during this stage, we plot the changes of different loops in Figure 3. As shown in
panel (a), the loop structures involved in the reconnection are denoted by arrows ”L1”, ”L2”, and
”L3”, respectively. Here, L1 refers to the pre-existing ambient open fields before the reconnection; L2
and L3 refer to the newly formed loops after the reconnection. By overlaying the axis of the erupting
filament and the HMI LOS magnetogram on the AIA 211 A˚ running-difference image at 04:26 UT
(The running-difference image is obtained by subtracting the current image from the previous one
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Filament
−
+ co
ro
n
al hole
 [a] 211Å
−700 −650 −600 −550
 X (arcsec)
−50
0
50
100
Y 
(ar
cs
ec
)
 04:26−04:24
 
 
 [b1] 04:13:36  94Å
 
 
 [b2] 04:15:12
shrinkage
 
 
 [b3] 04:16:36
L2
 
 
 [b4] 04:20:00
Figure 3. Panel (a): AIA 211 A˚ running-difference image demonstrates the magnetic configuration, in
which the yellow dashed line denotes of the filament; the green “±” symbols indicate the two feet of the
filament; the blue arrow points to the background open field lines (L1); the green (L2) and white (L3) arrows
show some newly formed loops; the white-blue dashed line marks the east outline of the nearby coronal hole;
the white box denotes the FOV of (b1)–(b4). Panel (b1)–(b4): time sequence of AIA 94 A˚ images show the
formation process of L2. The yellow arrows indicate the moving direction of the filament which is indicated
by the yellow dashed line; the green arrow denotes the shrinkage L2. The red and blue contours in panels
(a), (b1) and (b2) are positive and negative magnetic field of the HMI LOS magnetogram scaled at ±50 G,
respectively. An animation of 211A˚ and 94A˚ is available. The animation covers 04:10-04:30 UT with 12 s
cadence. The video duration is 3 seconds.
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that taken at 04:24 UT), one can easily identify that the north and the south feet of the filament were
rooted in negative and positive magnetic regions, respectively. It is also noted that the ambient open
field lines (L1) were rooted in a positive magnetic region. Therefore, it is clear that the directions
of the magnetic fields of L1 and the axial field of the erupting filament were opposite, which is in
favor of the occurrence of magnetic reconnection. Due to the interaction of the erupting filament
with L1, the magnetic reconnection between them resulted in the generation of two groups of newly
formed magnetic field lines, i.e., L2 and L3. L2 was observed as lower closed post-flare-loops, while
L3 showed as open field lines and with the erupting filament mass along it (i.e., the jet). Moreover,
the AIA 94 A˚ images in panel (b1)–(b4) further displayed the rapid formation and shrinkage process
of L2 (see the animation of Figure 3). As indicate by the yellow dashed curves, the erupting filament
approached to the ambient open field lines and triggered the magnetic reconnection between them
at about 04:13 UT (see panel (b1) and (b2)). Then, a group of closed and bright high temperature
loop formed about one minute later (see panel (b3)), and it quickly shrunk down at about 04:20 UT.
These remarkable topological changes well evidence the reconnection process that break the erupting
filament and led to the formation of the blowout jet.
3.3. Deflection of the Blowout Jet and the Formation of the CMEs
In this section, we focus on how did the blowout jet finally developed into a twin CME in the outer
corona. The multi-wavelength images in Figure 4(a1)–(a4) show that the hot plasma component of
the jet is not obvious in high-temperature channels, i.e, 94 and 335 channels). The time sequence
AIA 171 A˚ running-difference images in the middle row of Figure 4 shows the ejection process of
the blowout jet. As the filament reconnected with the ambient open fields, a spire structure formed
ahead an U-shaped closed magnetic structure (see Figure 4(b1)). With the persistently break of
the east leg of the U-shaped structure, the mass released from the closed filament became more
conspicuous. Afterwards, filament plasma ejected along the newly formed open field lines (L3) and
therefore formed the blowout jet. Consistent with previous observations, untwisting signals of the
filament can also be discerned in the formation course of the blowout jet (Shen et al. 2011c, 2012a,
2019, see the animation of Figure 4). Because of the releasing of the filament twist due to the
magnetic reconnection between the filament and the ambient open fields, the blowout jet showed a
wide spire and ejected outward with an obvious clockwise unwinding motion when looking above the
jet axis.
It is striking that the ejection of the blowout jet was almost in the south direction at the beginning,
then it changed to southeast direction at around 04:24 UT (see Figure 4(b3), (b4), and (c)). A
time-distance along the line E-F as shown in Figure 4(c) is plotted in Figure 4(d), from which one
can find that the jet body underwent an expansion and contraction motions during 04:22 UT to 04:33
UT. The speeds of the expansion and contraction motion of the jet body along the line E-F were
about 406 km s−1 and 169–645 km s−1, respectively.
The three-dimensional coronal magnetic field is extrapolated based on the photospheric magnetic
field using the Potential Field Source Surface model (PFSS Schrijver & De Rosa 2003) to investigate
the physical reason that caused the direction change of the blowout jet (see Figure 5). The result
of PFSS model can be obtained by using a software package in SolarSoftWare, which is based on
synoptic magnetic maps from HMI with a 6 hour cadence. Some representative global field lines
are shown in panel (a), in which the green and white lines are open and closed magnetic field lines,
respectively. For better comparison, the AIA 131 A˚ and 304 A˚ running difference images of the
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Figure 4. Panel (a1)–(a4): multi-wavelengths observation of the EUV jet. Panel (b1)–(b4): time sequence
of AIA 171 A˚ running-difference images demonstrate the eruption of the jet. In panel (b1) and (c), the
white arrow N1-S1 and the cyan arrow N2-S2 mark the slit position of the time-distance plot shown in
Figure 7(c1)–(c2) and (d1)–(d2), respectively. The time-distance plot along the white line E-F in panel (c)
is shown in panel (d), which shows the expansion and contraction of the remote open coronal loops. The
expansion and contraction motions of the loops are marked by four dashed lines in (d) with different colors.
An animation of panels (c) is available. The animation covers 04:08-04:33 UT with 12 s cadence and the
video duration is 5 seconds.
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Figure 5. Panel (a): HMI full-disk magnetogram overlaid with the extrapolated magnetic field lines, in
which the green and red lines show the open field lines originated from the negative and positive polarities,
respectively. The brown box in (a) shows the FOV of panels (b) and (c). Panel (b): AIA 131 A˚ images
overlaid with the remote open field lines (green). Panel (c): AIA 304 A˚ running difference image in which
the yellow and green arrows indicate the eruption directions of the jet before and after the interaction to
the remote open field lines. The white-blue dashed outlines the nearby coronal hole in (b) and (c).
brown box region shown in panel (a) are plotted in panel (b) and (c), respectively. The open field
lines rooted in the eruption source region and the remote open field lines in the south hemisphere
are overlaid in the AIA 131 A˚ image, while the ejection directions of the blowout jet are indicated
by the yellow and green arrows in the AIA 304 A˚ running-difference image. It is clear that the
change of the ejection direction of the blowout jet was caused by the blockage of another group of
open field lines rooted in the south hemisphere, supporting the scenario that open magnetic flux can
act as a potential wall so that solar eruptions can not penetrate it and have to be deflected away
(Gopalswamy et al. 2009; Kilpua et al. 2009; Yang et al. 2018a).
Intriguingly, following the ejection of the blowout jet towards the outer corona, a twin CME, one
was of jet-like shape and the other was of bubble-like shape, were captured by the SOHO/LASCO
(see Figure 6 and its animation). The jet-like CME was ahead of the bubble-like one. It is identified
that the first appearance of the jet-like CME was at 04:36 UT in the FOV of LASCO/C2 (indicated
by the black arrow in panel (b)), while that for the bubble-like CME was at 05:00 UT (indicated by
the white arrow in panel (c2)). By comparison the initial eruption direction of the blowout jet in
the inner corona (see panel (a)) and the jet-like CME in the outer corona (see panel (c1)), one can
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Figure 6. Panel (a) and (b): the running difference images of AIA 304A˚ and LASCO/C2 images display
the jet in inner and outer corona, respectively. The green dashed box denote the FOV of (c1)–(c4) that
show the evolution of the twin CME. In panel (c1)–(c4), the blue asterisk and red diamond mark the front
of the jet-like CME and bubble-like CME, respectively; The white circle and the black cross indicates the
disk limb and the center of the Sun, respectively. Panel (d): the kinematics of the jet-like CME and the
bubble-like CME. In which, the red line marks one solar radius. An animation of panel (b) is available. The
animation covers 03:12-07:24 UT with 12 minutes cadence.
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Figure 7. Panel (a): radio dynamic spectra obtained by RAD1 and RAD2 on board WIND/WAVES. Panel
(b): AIA 1600 A˚ (green) and 131 A˚ (blue) lightcurves within the eruptive source region as outlined by the
cyan dashed box in Figure 2(e). Panel (c1)–(c2): the time-distance plot along the line N1–S1 in Figure 4(b1).
Panel (d1)–(d2): the time-distance plot along the line N2–S2 in Figure 4(c). The dotted black lines indicate
the time (04:10 UT) and (04:20 UT), respectively.
find that their eruption directions showed a large difference. As discussed in the above paragraph,
the blowout jet was deflected by a group of remote open field lines in the south hemisphere. The
eastward jet-like CME suggests that the angle between the injection and reflection directions of the
blowout jet was about 90◦. The jet-like CME showed a collimated and elongated structure with an
angular width of about .15◦, resembling many typical jet-like CMEs reported in previous studies
(Wang et al. 1998; Wang & Sheeley 2002; Vourlidas et al. 2013). The bubble-like CME appeared
24 minutes later than the jet-like one in the FOV of LASCO/C2, and it has an angular width of
about 48◦. The kinematic evolution of the jet-like CME and the bubble-like CME in LASCO are
plotted in panel (d). By fitting the data points with linear and second order functions, we obtain
that the projection speed and deceleration of the jet-like CME were about 895 km s−1 and 36 m s−2,
respectively. The bubble-like CME can only be identified in the FOV of LASCO/C2 in four successful
images; a linear fit to these data points yields that the projection speed of the bubble-like CME was
about 340 km s−1. Assuming the CMEs propagated with the obtained average speeds before they
reached up to the FOV of LASCO/C2, we can extrapolate their onset times back to one solar radius
when they were on the solar surface. As shown in panel (d), it is found that the onset time of the
eruption of the bubble-like CME is around 04:12 UT (denote by the red arrow); while that for the
jet-like CME is around 04:19 UT (denoted by the blue arrow). The extrapolated onset times of the
jet-like and bubble-like CMEs are well agreement with the start times of the filament eruption and
the generation of the blowout jet.
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The kinematic evolution of the eruptive mini-filament/blowout jet, the lightcurves in the eruption
source region, and the associated type-III radio burst are shown in Figure 7. The kinematics of the
mini-filament and the jet are shown in panel (c1)–(c2) and (d1)–(d2), respectively. Based on these
time-distance diagrams, it is obtained that the speed of the mini-filament is about 220 km s−1, while
that for the jet is about 649 km s−1. As shown in panel (b), the associated flare’s start, peak, and
end times were about 04:10 UT, 04:20 UT, and 04:30 UT, respectively. Moderate flux increase can
be identified in the AIA 1600 A˚ and 131 A˚ lightcurves during the slow rising phase of the mini-
filament (before 04:10 UT); then the violent eruption phase of the mini-filament corresponded the
impulsive phase of the lightcurves. During this stage, the mini-filament erupted with the velocity of
about 210-220 km s−1. During the flare decay phase(after 04:20 UT), it can be seen that the jet had
been accelerated to a speed of about 649 km s−1. In addition, an obvious type-III radio bust was
detected by the WIND/WAVES (see panel (a)), which rapidly drifted from about 10 MHz to a very
low frequency (∼ 0.1-0.3 MHz). Based on the leading radio burst theory, the appearance of type-III
radio burst means that a population of near-relativistic electrons stream from the eruptive source
region to interplanetary space along open magnetic field lines (Reid & Ratcliffe 2014; Shen et al.
2017). Therefore, the type-III radio burst observed here evidenced the reconnection process between
the rising filament and the ambient open field lines.
4. SUMMARY AND DISCUSSION
In this paper, we present a direct imaging observation of a twin CME evolved from a coronal
blowout jet that involved the eruption of a mini-filament in the jet’s eruption source region. The
generation of the blowout jet was due to the magnetic reconnection between the rising filament and
the ambient open coronal loops. It is interesting that the ejection of the blowout jet experienced an
obvious deflection of about 90◦ due to the blockage of a group of remote open coronal field lines in
the south hemisphere. The deflection significantly changed the ejection direction of the blowout jet
from southward to almost eastward. Analysis results of the photospheric magnetic fields suggest that
the activation and slow rising of the mini-filament was associated with the magnetic flux cancellation
in the filament channel, while the sudden emergence of the positive magnetic flux was possibly
responsible for the violent fast eruption of the filament. Moreover, quasi-periodic intermittent jet-
like activities are also observed in the filament channel in the course of flux cancellation, which may
also play a role in the filament eruption (see also, Tian et al. 2018b). Comparing to previous studies,
the present event suffered less projection effect, and it can provide more accurate information for
mini-filament driven blowout jets, as well as the twin CME.
CMEs have been studied for many years, and various models are proposed to interpret their forma-
tion, evolution, and propagation mechanisms (Chen 2011). The most previous observations indicated
that a single solar eruption in the inner corona always results in a corresponding large-scale CME.
Only a small fraction of solar eruptions can launch multiple CMEs in different ways. For example,
Jiang et al. (2008) reported that a sympathetic CME pair was physically connected to an on-disk jet,
in which one was related to the flare and jet, while the other was due to the eruption of a interconnect-
ing loop caused by the interaction of the jet plasma. Shen et al. (2012b) reported the sympathetic
filament eruptions in a breakout magnetic configuration; they found that the two adjacent filaments
erupted sequentially and proposed that there would be two corresponding CMEs in the outer corona
within the framework of the magnetic breakout model. Global EUV waves can propagate to a large
distance and can trigger multiple solar eruptions in their path (Shen et al. 2014a,b); therefore, they
14 Duan et al.
could potentially result in the possible occurrence of multiple solar eruptions and CMEs within a
short time interval.
Nevertheless, so far reports on simultaneous appearance of a pair of CMEs evolved from one single
jet are still very scarce in literature. The first report on such kind of eruption was published by
Shen et al. (2012a), where they found a typical filament driven blowout jet which showed cool dark
and hot bright components in the inner corona, whereas in the outer corona they detected a pair
of simultaneous CMEs, i.e., a jet-like CME and a bubble-like CME. The authors also proposed a
model to interpret this interesting eruption, in which the jet-like CME is first resulted from the hot
bright jet component that produced by a preceding external reconnection between the rising confining
fields of the mini-filament and the ambient open field lines, while the bubble-like one is subsequently
developed from the ensuing eruption of the mini-filament due to the removal of the confining field of
the mini-filament by the external reconnection.
In the present case, a similar twin CME was also observed by LASCO after the mini-filament
eruption. Combining the STEREO-A EUVI and SDO/AIA observations, we found that there is no
any other obvious eruptions occurred from 03:30 UT to 05:00 UT, which allowed us exclude the
backside eruptions. In order to relate the twin CME back into their solar counterparts, we further
investigate the kinematics of the jet-like and the bubble-like CMEs, respectively. The height-time
relationship of the twin CME have been presented in Figure 6(d). In which, one can clear see that
the jet-like one first appeared in the FOV of LASCO/C2 at around 04:36 UT, and finally propagated
to 17 solar radius at an averaged speed of around 895 km s−1; while the bubble-like CME had only
been captured by LASCO/C2 during 05:00-05:36 UT, which had a speed of about 340 km s−1 and
faded away within 5 solar radius. The extrapolated onset times of the bubble-like and the jet-like
CMEs are about 04:12 UT and 04:19 UT, respectively. Based on the close temporal and spatial
relationship between the twin CME and their solar counterparts, we conclude that the bubble-like
CME should correspond to the eruption of the mini-filament that started at around 04:10 UT and
with the a speed of about 210-220 km s−1, while the jet-like CME should be the coronal extension
of the blowout jet that began at about 04:20 UT and with a speed of about 649 km s−1. It is worthy
to note that in our event the loss-of-equilibrium of the mini-filament happened at first, while the
external reconnection should be triggered due to the interaction between the rising filament and the
background open field, which is different form the event reported by (Shen et al. 2012a). Although
we did not detect this bright hot jet component during the eruption in the inner corona (see the
Figure 4(a1)–(a4)), the detected type-III radio burst and the rearrangement of the coronal loops do
indicate the occurrence of the reconnection.
Our analysis results indicate that the start time of the jet-like CME was after the bubble-like one for
a few minutes; however, the former was captured by LASCO earlier than the later, which implies that
the jet-like CME underwent a more prominent acceleration after its initiation. The ejecting speed of
the jet-like CME was about 895 km s−1, such a high speed was possibly due to the following reasons.
We note that the jet experienced an interaction process with a group of remote open field lines that
caused the deflection of the ejecting direction of the jet plasma. During the interaction process, we
do not find any signature of energy dissipation at the interaction site. The significant acceleration of
the jet plasma may mainly due to the acceleration of the slingshot effect of the bended open loops
cased by the interaction. The untwisting motion of the jet represent the releasing of non-potential
magnetic energy stored in the pre-eruption filament, which can also contribute to the acceleration
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of the jet (Shen et al. 2011c). In addition, we argue that during the interaction period, a part of jet
plasma may stay at the interaction site or fall back to the solar surface; therefore, only a portion of
initial ejecting plasma was accelerate to the outer corona. In that case, the total kinetic energy of the
initial jet plasma was transformed into the kinetic energy of the portion of the ejected plasma after
the interaction. Due to the decreased mass, the ejecting portion of the jet plasma can also obtain a
higher speed. Regarding to bubble-like CME, its speed was about 340 km s−1. Such a speed indicate
that the bubble-like CME should be a slow CME that is often associated with filament eruption
(Gosling et al. 1976). In the present event, the bubble-like CME did associated with the eruption
of a mini-filament, which can possibly account for its relatively lower ejecting speed.
Many observations have revealed that solar eruptions can be channeled and guided by neighboring
large-scale background magnetic fields during their initial stage. When erupting magnetized plasma
interact with remote magnetic structures, they are often deflected to the direction of minimum
magnetic force on global scales (Nistico` et al. 2015). In the highly complicated corona, there are many
magnetic structures (i.e., active regions, coronal holes, and helmet streamers) can act as obstacles
and impose actions on solar eruptions impeding on them. Previous studies suggested that erupting
filaments may tend to propagate to the region with weak field or lower magnetic energy density
(Bi et al. 2011; Shen et al. 2011b), CMEs can be channeled and guided by large-scale magnetic
fields such as streamers and open fields in coronal holes (Plunkett et al. 2001; Filippov et al. 2001;
Bemporad et al. 2005; Jiang et al. 2007; Bi et al. 2013; Zheng et al. 2016; Yang et al. 2018a). For the
interaction between CMEs and open field lines such as in coronal holes, Gopalswamy et al. (2009)
proposed two possible consequences for the interaction depending on their relative directions of the
field lines. When the magnetic fields of the CME are parallel to the open field lines, the CME will
be deflected due to its lower horizontal speed component relative to the Alfve´n speed in the coronal
hole. When the magnetic field lines are antiparallel to each other, magnetic reconnection can be
expected between them. Aided by the PFSS model, it is identified that the deflection of the blowout
jet or CME in the present study was due to the blockage of a group of remote open field lines rooted
in the south hemisphere. The extrapolated coronal field lines reveals that the magnetic field of the
blowout jet and the remote open field lines in the south hemisphere were parallel, therefore, there
should be no reconnection between them. In addition, the extrapolated coronal magnetic field also
revealed that the eruption direction of the CMEs were consistent with that of the bent open field
lines. Therefore, these field lines also channeled the propagation of the CMEs.
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